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SYSTEM, APPARATUS AND METHOD FOR INTERACTING 
WITH A TARGETED TISSUE OF A PATIENT 



TECHNICAL FIELD 

[0001] The present invention generally relates to implantable medical devices, and more 
particularly relates to a system, apparatus and method for interacting with a targeted tissue 
of a patient. 



BACKGROUND 



[00021 Implantable medical devices (IMD's) are devices placed inside a body to monitor 
certain physiological signals and provide or permit therapy to an organ or tissue in response 
to the physiological signals. Examples of IMD's include heart monitors, therapy deUvery 
devices, pacemakers, implantable pulse generators, pacer-cardio-defibriUators, implantable 
cardio-defibrillators, cardiomyo-stimulators, nerve stimulators, gastric stimulators, brain 
stimulators, and drug delivery devices. 

[0003] In the current state of the art, the sensing and/or stimulation functions of the IMD 
are controlled from an implantable module, typically housing a power source, a 
communications means that permits control of the module, such as by telemetry, logic 
circuitry that controls the functioning of the module independent of inputs via telemetry, and 

electronics for modulatins the innnts anH nntnntc tn t-i__ _ • 
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and/or stimulation functions typically are performed by leads, implanted near a site of 
interest or the "targeted tissue," that comprise tissue interaction elements, such as 
stimulation electrodes, drug ports, sensors and sensing electrodes and the like. The tissue 
interaction elements are in electrical communication with the implantable module via 
dedicated conductors that extend the distance from the targeted tissue to the implantable 
module. Typically, each tissue interaction devices is connected to its own dedicated 
conductor. Each dedicated conductor requires a feedthrough access from the control 
module, a wire conductor for transmitting electronic signals, means for insulating the wire 
conductor from the body and from other wire conductors, and means for connecting the wire 
conductors to the tissue interaction devices. Because the dedicated conductors may extend 
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for relatively long distances, such as, for example, from the abdomen to the spinal cord, the 
conductors typically are configured to withstand significant tensile and flex demands 
implied by the long run. The conductors typically also are adapted to minimize energy loss 
due to impedance. Further, the long conductors should be configured to reduce or eliminate 
dangerous exposure of the patient to the coupling of energy into the conductors from 
extemal alternating magnetic fields in such environments such as magnetic resonance 
imaging, diathermy, and theft detection. Accordingly, to meet these demands and 
requirements, the conductors often are sizable. 

[0004] While it may be advantageous to use ten, twenty, fifty or more tissue interaction 
devices at a targeted site, the use of this many tissue interaction devices has not been 
feasible because of the size limitations imposed by the body on the number of sizable 
conductors that can be implanted, particularly through arterial or venous blood vessels. In 
addition, the long conductor runs combined with signal-to-noise requirements of certain 
sensing and/or stimulation systems requires sophisticated design of the leads that house the 
tissue interaction devices to minimize noise and maximize isolation of the conductors from 
each other and the surroimding environment. 

[0005] Accordingly, it is desirable to provide an improved medical system and apparatus 
for interacting with a tissue of a patient. In addition, it is desirable to provide an improved 
method for interacting with a tissue of a patient. Furthermore, other desirable features and 
characteristics of the present invention will become apparent from the subsequent detailed 
description and the appended claims, taken in conjxmction with the accompanying drawings 
and the foregoing technical field and background. 



BRIEF SUMMARY 

[0006] A method and an apparatus are provided for interacting with targeted tissue of a 
patient. The apparatus comprises a central control module, a satellite module, and a lead. 
The central control module is adapted for subcutaneous implantation and is coupled to the 
satellite module. The satellite module comprises a processor, a communication module, a 
switching module, a memory, a sense amp, and an A/D converter. The commimication 
module is coupled to the processor for communicating with the central control module. The 
switching module is coupled to the processor. The memory is coupled to the 
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communication module and the processor. The AA) converter is coupled to the sense amp 
and the memory. The satellite module is adapted for subcutaneous implantation and is 
coupled to the lead. The lead is adapted for subcutaneous unplantation and has at least one 
tissue interaction element. 

[0007] A method of communicating between a central control module and a satellite 
module for interacting with targeted tissue of a patient is provided. A programming word 
comprising information to be sent to the satellite module is provided. The programming 
word is converted into identifiable groups of pulses correspondmg to bits of the 
programming word. The identifiable groups of pulses are sent to the satellite module. The 
identifiable groups of pulses are converted to information for providing a therapy to the 
patient. The energy from the identifiable groups of pulses is stored to power the satellite 
module. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[00081 The present mvention will hereinafter be described in conjunction with the 
following drawing figures, wherein like numerals denote like elements, and 

[0009] FIG. 1 depicts a system for interacting with a targeted tissue of a patient in 
accordance with an embodiment of the present invention; 

[0010] FIG. 2 is a block diagram of the system illustrated in FIG- 1 ; 

[0011] FIG. 3 is a cut-away view of a satellite control module in accordance with an 
embodiment of the present invention; 

[0012] FIG. 4 depicts a system for interacting with a targeted tissue of a patient in 
accordance with another embodiment of the present invention; 

[0013] FIG. 5 is a block diagram of the system illustrated in FIG. 4; 

[0014] FIG. 6 is a block diagram of a central control module coupled to two satellite 
modules in accordance with the present invention; and 
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[0015] FIG. 7 is an example of a programming word in accordance with the present 
invention. 

DETAILED DESCRIPTION 

[0016] The following detailed description is merely exemplary in nature and is not 
intended to limit the invention or the application and uses of the invention. Furthermore, 
there is no intention to be bound by any expressed or implied theory presented in the 
preceding technical field, background, brief summary or the following detailed description. 

[0017] FIG. 1 illustrates an apparatus 20 for interacting with a targeted tissue of a patient 
10, in accordance with one exemplary embodiment of the present invention. Apparatus 20 
may comprise any suitable sensing or therapy delivery device, such as, for example, a spinal 
cord stimulation system, a deep brain EEG sensing and stimulation apparatus, a drug 
delivery therapy device and the like, that is preferably implanted below the skin of patient 
10. Apparatus 20 comprises a central control module 12 and at least one satellite control 
module 14 that is coupled to central control module 12 via one or more first conductors 18. 
Central control module 12 and satellite control module 14 are both hermetically sealed 
components that present biocompatible surfaces to the targeted tissue and surroimding 
tissue. One or more leads 16 are coupled to satellite control module 14 via one or more 
second conductors 22. 

[0018] Lead 16 comprises at leeist one tissue interaction element 24, which can be a 
stimulation electrode, a recording electrode, a drug delivery device, a sensor, such as a 
chemical or pressure sensor, or any other type of element or combination of elements 
configured to interact vsdth a targeted tissue of a patient. As used herein, the term "interact" 
means sensing physiological signals from a targeted tissue and/or providing a therapy, such 
as electric stimulation, drugs, and the like to the targeted tissue. Lead 16 may include a 
paddle lead. Alternatively, lead 16 may comprise any other conventional lead known and 
used in the medical industry. The location of the tissue interaction element(s) 24 is 
determined by the type of treatment or monitoring that is desired. 

[0019] A plurality of satellite control modules 14 and leads 16 also may be employed in 
the apparatus of the present invention to permit or facilitate acquisition of signals or data 
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from different areas, portion or regions of the body and/or to permit or facilitate the 
distribution of therapy to different areas, portions or regions of the body. In one 
embodiment of the present invention, lead 16 comprises one tissue interaction element 24, 
such as pressure or temperature sensor. In another embodiment of the present invention, 
lead 16 comprises a plurality or string of like or unlike tissue interaction elements disposed 
along the length of lead 16 such that each tissue interaction element interacts with tissue at a 
location in, on or near a portion of the body that is different from that tissue with which an 
adjoining tissue interaction element interacts. Thus, lead configurations other than those 
shown explicitly in the Drawings may be practiced in conjunction with the present 
invention. 

[0020] Although the invention will be described herein with reference to spinal cord 
stimulation (SCS) procedures and/or deep brain stimulation (DBS) procedures, it will be 
understood that the invention finds utility in applications other than SCS and DBS 
procedures, such as peripheral nerve or ganglia stimulation, intra-spinal stimulation, sacral 
root stimulation, or intraventricular cerebral stimulation. In addition, the invention may also 
be utilized to provide stimulation or monitoring of various muscles of the body, such as the 
cardiac muscle. The invention also finds utility to drug therapy where electrical components 
are replaced with conduits and catheters for conducting drug material to the therapy site. 
Furthermore, the invention may also be utilized to monitor physiological signals, such as 
intracranial fluid pressure or temperature. 

[0021] Central control module 12 of an SCS apparatus may be programmed to provide a 
predetermined stimulation dosage in terms of pulse amplitude, pulse width, pulse frequency, 
or duty cycle to satellite control module 14. In an exemplary embodiment of the present 
invention, a programmer 26 may be utilized to provide stimulation parameters to central 
control module 12 via telemetry. Any of a number of suitable programming and telemetry 
methodologies known in the art may be employed so long as the desired information is 
transmitted to and from central control module 12. While the components of apparatus 20 
typically are implanted subcutaneously, programmer 26 preferably is located outside a 
patient's body. Accordingly, programmer 26 is coupled to an antenna 28. Altematively, 
central control module 12 and programmer 26 may exchange data or information by any 
other suitable means, such as electrical, telemetric, radio, infrared, or other means well 
known to those skilled in the art. 
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[0022] FIG. 2 illustrates an exemplary embodiment of the apparatus of the present 
invention comprising central control module 12, which is implanted in a patient's stomach, 
satellite control module 14, which is implanted in or proximate to the spinal cord, and a 
plurality of tissue interaction elements 24, which in this embodiment are electrodes that are 
implanted within or proximate to the targeted tissue of the spinal cord. The functionality 
and features of central control module 12 may vary in sophistication, ranging between 
simple (e.g., merely providing power to the tissue interaction elements 24 and relaying 
information gathered therefrom to programmer 26) to complex (e.g., processing and/or 
storage of acquired signals by a microprocessor, controller, digital signal processor or other 
computing device, determining whether a predetermined condition or state exists in the 
patient, triggering a therapy in response to detecting such a condition or state). Similarly, 
the sophistication of the functionality and features of satellite control module 14 may range 
between simple (e.g., merely acting as a switching mechanism for tissue interaction 
elements 24) to very complex (e.g., acquiring, processing, and/or storing signals fi-om the 
tissue interaction elements, determining whether a predetermined condition or state exists in 
the patient, triggering a therapy in response to detecting such a condition or state). 

[0023] Further, the functionality and features of apparatus 20 may be divided between 
central control module 12 and satellite control module 14, depending on such factors as the 
size of the various components required for performing desired functions and the type and 
timing of treatment required to be provided by the tissue interaction elements 24. 
Accordingly, in one embodiment of the present invention, bulky components that consume 
relatively large amounts of real estate may be located in the central control module, which 
may be positioned remote from the targeted tissue and small components that consume 
relatively small amounts of real estate may be located in the satellite control module, wliich 
may be positioned close to or in the targeted tissue. In another embodiment of the present 
invention, if sensing of the targeted tissue with relatively instantaneous treatment of the 
tissue based on signals sensed is required, components that perform sensing, data or signal 
processing and therapy delivery may be located on the satellite control module. By locating 
in the satellite control module certain functionality and features that in the prior art typically 
are performed by the central control module, the number and size of connectors between 
central control module 12 and satellite control module 14 can be minimized. Further, 
because they run only a relatively limited distance between satellite control module 14 and 
tissue interaction elements 24, the wire connectors between satellite control module 14 and 

6 



UTILITY PATENT APPLICATION 

ATTORNEY DOCKET NO. 009.6001 (P-1 1290.00) 

tissue interaction elements 24 can be formed of finer materials and comprise small 
geometries that may permit the use of a denser concentration of tissue interaction elements 
24 at the targeted tissue. 

[0024] Referring to FIG. 2, where apparatus 20 may comprise an SCS system, central 
control module 12 is coupled to programmer 26, preferably via antennae 28 and 30. Thus, 
central control module 12 may comprise a transreceiver module 32 that controls the delivery 
to and receipt from programmer 26 of information and data. Central control module 12 
preferably comprises a suitable implantable source of electrical energy (power source) 34 to 
power satellite control module 14, leads 16, and the circuitry of central control module 12. 
In one embodiment of the invention, power source 34 may be any suitable source of 
electrical energy in accordance with common practice in the art, and may be any one of a 
primary battery, a secondary battery, a capacitor, and the like. Central control module 12 
also comprises a control processor 36. Control processor 36 may comprise a 
microprocessor, microcomputer, or other micro-controller, controller or digital signal 
processor. Control processor 36 is configured to select and power tissue interaction 
elements 24, control the circuitry of central control module 12, and may also be adapted to 
receive, process and store signals from satellite control module 16. Central control module 
12 fixrther comprises a signal generator 38 that is controlled by control processor 36 and is 
configured to send to satellite control module 16 stimulation signals that will be distributed 
to the targeted tissue by electrodes 24. Central control module 12 fiarther may comprise a 
communications module 54 that is responsible for transmitting instructions and data 
received by central control module 12 from programmer 26 to satellite control module 14 
and for receiving signals and data transmitted from satellite control module 14 and 
forwarding them to the appropriate component for processing or transmitting to 
programmer 26. 

[0025] Central control module 12 is coupled to satellite control module 16 by conductor 
22, which in this embodiment comprises a communications connector 40 and ground 
connector 42 that serve to supply power and information to satellite control module 16. 
Power may be delivered from central control module 12 to satellite control module 16 along 
communications connector 40 via an AC or pulsed DC power delivery method that has 
digital communication signals interleaved or superimposed on the power signal. If the 
power delivered along communications connector 40 is not sufficient to power the circuits 
of satellite control module 16 and to deliver stimulation energy to the electrodes 24, then 
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one or more additional connectors, such as stimulation connectors 44 and 46, may be 
utilized to deliver stimulation signals to satellite control module 16. As illustrated in FIG. 2, 
stimulation connector 44 may deliver to satellite control module 16 a signal, STIM. 1, 
having a first voltage level and stimulation connector 46 may deliver to satellite control 
module 16 a signal, STIM. 2, having a second voltage level. Central control module 12 is a 
power source and a communication hub between programmer 26 and satellite module 14. 
This allows the bulky components of the system to be placed in a convenient area of the 
patient. Preferably, conductor 22 comprises as few connectors as possible to transmit the 
desired power and stimulation signals. In this maimer, only a limited number of connectors 
may be used to run the full distance between central control module 12 and the satellite 
control module 14 and, thus only this limited number of connectors may be adapted to 
withstand the fiiU tensile and flex demands implied by the relatively long run between the 
abdomen and the spinal cord and to minimize noise and signal reduction. In an alternative 
embodiment of the present invention, different therapy stimulation signals may be delivered 
to the electrodes by using the central control module 12 to transmit a single signal to the 
satellite control module 14 and by using the satellite control module 14 to modulate the 
signal to the desired therapy stimulation levels. 

[0026] Satellite control module 14 comprises a communications module 56, a processor 
48 and a switching module 50. Satellite control module 14 locally controls a treatment 
methodology being applied to the patient. In other words, interaction with electrodes 24 is 
determined wdthin satellite module 14 based on the programming stored therein. Data and 
programming information is channeled back and forth through control module 12 to satellite 
module 14. Commxmications module 56 is adapted to commimicate with communications 
module 54 of central control module 12. Satellite processor 48 may comprise a 
microprocessor, microcomputer, or other micro-controller, controller or digital signal 
processor. Processor 48 is responsible for receiving and processing instructions and 
information from central control module 12 via commimications module 56 and controls 
switching module 50 that distributes and polarizes the signals received from central control 
module 12. 

[0027] Satellite control module 14 is coupled to electrodes 24 via dedicated electrode 

connectors 52. Typically, satellite control module 14 is implanted in a patient at a location 

proximate to the site or sites of electrodes 24. Accordingly, by positioning the electrode 

switching, powering and polarizing functions at the satellite control module 14, the 
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dedicated electrode connectors 52 may have smaller geometries than if they were required to 
extend the distance between electrodes 24 and central control module 12. Thus, a larger 
number of electrodes 24 may be utilized at the targeted tissue. In addition, because the run 
of dedicated electrode connectors 52 can be reduced, a reduction of signal loss and attention 
along dedicated electrode connectors 52 may result. 

[0028] FIG. 3 is a cutaway view of an exemplary embodiment of the satellite control 
module 14 of the present invention. Satellite control module 14 may comprise a ceramic 
hybrid circuit substrate 60, which supports the circuitry of the various components of 
module 14, including processor 48, communications module 56, switching module 50 and 
any additional circuitry. Satellite control module 14 preferably includes an IC chip 64 
which is mounted to one surface of substrate 60 and is connected to electrical traces 66 by, 
for example, wire bonding. The electrical traces 66 in turn are attached to wire connectors, 
such as connectors 40, 42, 44 and 46, to couple satellite control module 14 to central control 
module 12 (not shown). The electrodes (not shown) are coupled to satellite control module 
14 via dedicated electrode connectors 52, which are connected to metal-filled vias 68 that, in 
turn, are coupled to IC chip 64 by wire bonds 70. It will be appreciated that any number of 
methods could be used to connect IC chip 64 to dedicated electrode connecters 52 and/or 
connectors 40-46. For example, in one exemplary embodiment, IC chip 64 can be a flip 
chip that is coupled to the connectors by metal lines formed on or within substrate 60. The 
components of satellite control module 14 are hermetically sealed from the environment 
using metallic cover 72, which may be soldered to substrate 60 but may be separated from 
electrical traces 66 by, for example, a dielectric coating so that metallic cover 72 and the 
solder do not short traces 66. It will be understood that any other method for achieving the 
hermetic seal may be used, such as welding, brazing and the like. In an alternative 
embodiment of the invention, components of satellite control module 14, such as IC chip 64, 
may be connected to metallic cover 72. External connections then can be made to metallic 
cover 72 to communicate with the components of module 14. Other means known in the art 
also may be used to send signals to or receive signals from the components of satellite 
control module 14. For example, mutual inductance may be used with a coil patterned on 
the outside of ceramic network 60 and a coil patterned on the inside of ceramic network 60. 
Alternatively, capacitive coupling may be used with a capacitive plate positioned on the 
outside of ceramic network 60 and a capacitive plate positioned on the inside of ceramic 
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network 60. In another embodiment of the invention, antennae may be used to transmit 
signals across ceramic network 60. 

[0029] It will be understood that the communication protocol and means used to couple 
satellite control module 14 and central control module 12 may comprise an independent 
digital communications means and an independent AC power circuit means located in one 
or both the central and satellite control modules. Alternatively, central control module 12 
may comprise a conventional neuro or cardiac stimulation device that has been modified so 
that communication signals fi-om the central control module could be generated by the 
stimulation engine electronics of that device. In this latter approach, central control module 
12 could be programmed by programmer 26 to induce the stimulation engine electronics to 
issue sequences of pulses on a chosen conductor that would be interpreted as Ts and O's by 
the satellite control module. Satellite control module 14 then could process the pulses to 
decipher the communications. In turn, satellite control module 14 may communicate with 
the central control module 12 by any number of means already existing on central control 
module 12. For example, confirmation and error check responses from satellite control 
module 14 could be received by central control module 12 by holding a conductor, such as 
conductor 40, at a designated impedance level that could be sensed by existing impedance 
sensing electronics on central control module 12. Altematively, a designated voltage level 
that could be sensed by existing voltage sensing electronics or other existing sensing 
electronics on central control module 12, such as sense amp circuitry in cardiac pacemakers, 
could be maintained on conductor 40. 

[0030] Referring to FIG. 4, in another exemplary embodiment of the invention, a system 
of the present invention may comprise a deep brain EEG sensing and stimulation system for 
the detection and termination of epileptic seizures. In this embodiment, an apparatus 80 
utilizes a central control module 84 that is implanted proximate to the clavicle of a patient 
10. Apparatus 80 fiirther comprises a more sophisticated satellite control module 82, which 
is implanted within or near the skull and is coupled to central control module 84 by a 
conductor 90. One or more deep brain stimulation leads 86 having a plurality of tissue 
interface elements, which in this embodiment are sensing and stimulation electrodes 88, are 
electrically coupled to satellite control module 82 and are inserted into or proximate to 
targeted tissue of the brain. 
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[00311 Referring to FIG. 5, central control module 84 is coupled to a programmer 92, 
preferably via antennae 94 and 96. Thus, central control module 84 may comprise a 
transreceiver module 98 that controls the delivery to and receipt from programmer 92 of 
information and data. Central control module 84 preferably comprises a suitable 
implantable source of electrical energy (power source) 100 to power satellite control module 
82, leads 86, and the circuitry of central control module 84. In one embodiment of the 
invention, power source 100 may be any suitable source of electrical energy in accordance 
with common practice in the art, and may be any one of a primary battery, a secondary 
battery, a capacitor, and the like. Central control module 84 also comprises a control 
processor 102. Control processor 102 may comprise a microprocessor, microcomputer, 
controller or digital signal processor. Control processor 102 may be adapted to control the 
circuitry of central control module 84 and to receive and process signals from satellite 
control module 82 and instructions from programmer 92. Signals received from electrodes 
88 and instructions and signals received from programmer 92 may be stored in a memory 
104. Central control module 84 further may comprise a communications module 106 that is 
responsible for transmitting instructions and data received by central control module 84 
from programmer 92 to satellite control module 82 and for receiving signals and data 
transmitted from satellite control module 82 and forwarding them to the appropriate 
component for processing or transmitting to programmer 92. In general, central control 
module 84 is a power source and a conmiunication hub for the system. 

[0032] Central control module 84 is coupled to satellite control module 82 by conductor 
90, which in this embodiment comprises a commvmications connector 108 and ground 
connector 110 that serve to supply power and information to satellite control module 82. 
Power may be delivered from cenfral control module 84 to satellite control module 82 along 
connector 108 via an AC or pulsed DC power delivery method that has digital 
communication signals interleaved or superimposed on the power signal. If the power 
delivered along connector 108 is not sufficient to power the circuits of satellite control 
module 82 and to power and deliver stimulation energy to the electrodes 88, then one or 
more additional connectors, such as stimulation connectors 112 and 114, may be utilized to 
deliver stimulation signals to satellite control module 82. As illustrated in FIG. 5, 
stimulation cormector 112 may deliver to satellite control module 82 a signal, STIM. 1, 
having a first voltage level and stimulation connector 114 may deliver to satellite control 
module 82 a signal, STIM. 2, having a second voltage level. It will be appreciated that any 
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number of additional connectors may be used to deliver desired therapy stimulation signals 
simultaneously to satellite control module 82. However, preferably, conductor 90 comprises 
as few cormectors as possible to transmit the desired power and stimulation signals. In this 
manner, only a limited number of connectors may be used to run the full distance between 
central control module 84 and the satellite control module 82 and, thus only this limited 
number of connectors may be adapted to withstand the full tensile and flex demands implied 
by the relatively long run between the clavicle and the skull and to minimize noise and 
signal reduction. In an alternative embodiment, different therapy stimulation signals may be 
delivered to the electrodes by using the satellite control module 82 to modulate a signal to 
the desired therapy stimulation levels. 

[0033] Satellite control module 82 comprises a communication module 1 16 that is adapted 
to receive power, signals and data transmitted from central control module 84 and also is 
adapted to transmit signals and data to commimication module 106 of central control 
module 84. Satellite control module 84 controls the therapy provided to the patient under 
normal operation. Local interaction allows for better control and faster response times to the 
patient. Signals and data received from central control module 84 may be stored and/or 
processed using satellite processor 120, logic module 128 and buffer 130. Satellite control 
module 82 also comprises a sense amp 118 adapted for amplifying signals received from 
electrodes 88 for use in subsequent digital signal analysis, storage and/or data transfer or 
telemetry. Signals from electrodes 88 may be converted to multi-bit digital signals by A/D 
converter 124 for storage using buffer 130 and memory 126. Processor 120 or another 
micro-controller, controller or digital signal processor may employ digital signal analysis 
techniques to characterize the digitized signals stored in memory 126. Alternatively this 
characterization may be performed by logic 128. Satellite control module 82 also may 
comprise a signal generator 132 that generates the therapy stimulation signals that are 
distributed by the electrodes to the targeted tissue. Selection of the electrodes for sensing 
and/or stimulation preferably is controlled by processor 120 via switching module 122, 
which selections may be varied as desired. In another exemplary embodiment of the present 
invention, satellite control module 82 may also have a power supply (not shown), which 
may be configured to power electrodes 88 and/or power the circuitry of satellite control 
module 82. 

[0034] Satellite control module 82 may be coupled to electrodes 88 via dedicated 

electrode connectors (not shown) that may extend through leads 86. Preferably, satellite 
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control module 82 is implanted in a patient at a location proximate to the site or sites of 
implantation of leads 86. Accordingly, by positioning the sensing circuitry and the electrode 
switching, powering and polarizing functions at satellite control module 82, the dedicated 
electrode connectors may have smaller geometries than if they were required to extend the 
distance between electrodes 88 and central control module 84. Thus, a larger number of 
electrodes 88 may be utilized at the targeted tissue. In addition, the run of the dedicated 
electrode connectors can be reduced, thus a reduction of signal loss and attention along the 
electrode connectors can be realized. Further, signal processing at satellite control module 
82 permits direct action of the software algorithms supplied by programmer 92 on the 
analog signal received from electrodes 88, eliminating the need for high-speed digital 
communication between satellite module 82 and central control module 84 to achieve the 
same result. Locating the signal processing at the satellite module also may reduce the risk 
to the patient from the coupling of energy from extemal alternating magnetic fields. 

[0035] It will be appreciated that satellite control module 82, electrodes 88, and the 
dedicated electrode connectors can take on any number of suitable forms. For example, in 
one embodiment of the invention, satellite control module 82 may be a stand-along device 
located at a position remote from electrodes 88. While remote from electrodes 88, 
preferably satellite control module 82 is positioned proximate to electrodes 99 so as to 
minimize the dedicated electrode connectors that couple module 82 and the electrodes 88. 
In an altemative embodiment of the invention, satellite control module 82 may be integrated 
on the same structure or lead as electrodes 88, such as configured on a paddle lead. In this 
embodiment, satellite control module 82 may be on the same structure as but positioned at a 
different site on the structure from electrodes 88, thus minimizing the length of the 
dedicated electrode connectors. Alternatively, satellite control module 82 may be positioned 
among the electrodes 88, thus fiirther minimizing the length of the dedicated electrode 
connectors. 

[0036] With the above described system illustrated in FIGS. 4 and 5, if satellite control 

module 82 detected an EEG event of interest, the analog EEG signals from electrodes 88 

could be converted to a digital signal via A/D converter 124. Buffer 130 and memory 126 

could be used to store the selected digitized waveform, which then could be sent to central 

control module 84 at a clocking rate that corresponds with the capability of the serial digital 

link between the two modules. Altematively, the analog signals could be transmitted from 

satellite control module 82 to central control module 84 in analog form and the analog 
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signals could be converted to digital form at the central control module for fiirther 
processing or transmissions to programmer 92. Satellite control module 82 also could be 
configured to send only status and alert signals (indicating, for example, that onset of 
seizure is detected or is not detected) to the central control module 84 as determined by 
default settings in the satellite control module 82 and/or the central control module 84 or as 
determined m accordance with instructions programmed by a physician. 

[0037] Using an embodiment of the system of the present invention illustrated in FIGS. 4 
and 5, a physician could verify placement of the leads and could adjust stimulation sites by 
usmg user interface software of programmer 92 to uplink to central control module 84 
instructions to address certain electrodes positioned on the distal end of the leads. 
Preferably, each electrode has its own address that could be individually designated. The 
physician's instructions could be transmitted telemetrically from programmer 92 to central 
control module 84, which could process the instructions into signals that could be 
understood by satellite control module 82. Upon receipt of the signals, satellite control 
module 82 may generate stimulation signals and transmit the stimulation signals to a 
designated electrode. Accordingly, any mechanical movement of the leads after placement, 
which may be caused by, for example, suturing the wound, locking the lead into a burr-hole 
cap, or other disturbances caused during or after surgery, could be corrected at a time after 
placement of the leads through commands from programmer 92, which can be programmed 
to change the combination of the stimulating and sensing electrodes so that desired positions 
in the brain can be targeted. In addition, a physician can program numerous electrodes 
spaced from each other to sense and/or stimulate multiple targeted sites of the brain. 

rnn^fii Tt ;o dcr. ,-nntf>mnIntfH in the nresent invention that appropriate therapy can be 

£W«.yv»J XI. xij X - - 

delivered to the brain by the system in response to a predetermined condition or state, such 

as detection of the onset of a seizure. For example, a system of the present invention 

comprising programmer 92, cential contiol module 84, satellite control module 82 and one 

or more stimulation and sensing electrodes 88 implanted within or near the targeted tissue of 

the bram and connected to satellite control module 82, is preferably capable, upon detecting 

or sensmg tiie presence of a predetermined inti-acranial condition or state (such as electironic 

pulses indicative of the onset of a seizure), of having satellite control module 82, central 

control module 84, programmer 92 and/or other external device provide or deliver an 

appropriate tiierapy. The appropriate therapy may be deUvered to that region of the brain 

where therapy should optimally be provided in response to such predetermine conditions 
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being detected, such as by transmitting regulating stimulation signals to the brain to prevent 
a seizure. Alternatively, the system may be configured to provide one or more other 
therapies in place of or simultaneously with the transmission of electronic signals, such as, 
for example, the delivery of drugs to the patient. 

[00391 hi accordance with one exemplary embodiment, the system of the present 
invention may be utilized in a patient according to the following method. At least one tissue 
interaction element is implanted in a patient on or proximate to a targeted tissue. The tissue 
interaction element may be coupled to a satellite control module, which is implanted in the 
patient at a location preferably proximate to the tissue to be targeted by the tissue interaction 
element. The tissue interaction element may be coupled to the satellite control module via a 
dedicated connector, the physical dimensions of which may be reduced by minimizing the 
distance between the satellite control module and the tissue interaction device. The satellite 
control module may be coupled to a central control module, which is implanted in the 
patient at a location remote from the satellite control module. The satellite control module 
may be coupled to the satellite control module by one or more conductors or connectors. 
Preferably, the conductors or connectors are adapted to withstand the tensile and flex 
demands that are implied from the run between the satellite control module and the central 
con troll module. The tissue interaction element then may be caused to interact with the 
targeted tissue by activation of ht central control module. It will be appreciated that the 
tissue interaction element(s), satellite control module and central control module may be 
implanted in the body, in any order, with the respective coupling connections made during 
or after implantation of the appropriate devices. 

central control module 200 coupled to two satellite 
modules in accordance with the present invention. Central control module 200 is coupled to 
a satellite module 205 and a satellite module 206 by wires 201, 202, 203, and 204. In an 
embodiment of the system, wires 201 and 202 are respectively power and ground wires. 
Wires 203 and 204 are respectively a channel 1 and a channel 2 of the system for providing 
stimulus to drive the electrodes. In an alternate embodiment, only wires 201 and 202 are 
required for providing power and stimulus. In either case, wiring between central control 
module 200 and satellite modules 205 and 206 is kept to a minimum. 

[0041] Satellite module 205 couples to electrodes 207. Similarly, satellite module 206 
couples to electrodes 208. Electrodes 207 and 208 are placed on targeted tissue of a patient 
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to provide a therapy. Satellite modules 205 and 206 are placed as close as possible to the 
targeted tissue. Ideally, satellite modules 205 and 206 are dimensionally small allowing the 
proximal placement to the targeted tissue. Placing satellite modules 205 and 206 in 
proximity to the targeted tissue relaxes the electrical interconnection and physical dimension 
requirements, for example wire diameter, thus allowing the number of electrodes used to be 
substantially increased. In an embodiment of the system, satellite modules 205 or 206 are 
not enabled simultaneously but are selectively enabled to provide therapy to their 
corresponding targeted tissue. 

[0042] Satellite modules 205 and 206 are powered by voltage pulses provided by central 
control module 200. The voltage pulses are also arranged in a maimer to communicate with 
satellite modules 205 and 206. In general, the information being sent first takes the form of 
one or more programming words. For example, the programming word can be generated by 
a programmer extemal to the patient. The programming word is sent by radio frequency 
signal to central control module 200. The programming word is then converted by central 
control module 200 to groups of pulses that are applied to wire 201. The groups of pulses 
are sent in a maimer that they can be received and converted by the appropriate satellite 
module such that the information is retrieved. 

[0043] As mentioned previously, the groups of pulses sent on wdre 201 have a dual 
purpose, besides communication, they power satellite modules 205 and 206. The energy 
from the pulses is stored, for example on a capacitor to power satellite modules 205 and 
206. Thus, the communication methodology requires that sufficient pulses are continuously 
sent to ensure stable power to satellite modules 205 and 206 under all operating conditions. 
Central control module 200 provides pulses even when no communication is occurring to 
power satellite modules 205 and 206. An efficient communication methodology may supply 
enough power to satellite modules 205 and 206 making wdres 203 and 204 unneeded. In this 
case, satellite modules 205 and 206 would generate stimulation signals intemally to drive 
electrodes 207 and 208. Altemately, as shown, wires 203 and 204 are added to provide 
different stimulus thereby increasing the flexibility of the therapy that can be provided and 
also reducing the burden for power transfer on vsdre 201 . Limiting interconnection between 
central core module 200 and satellite modules 205 and 206 to four or less wires reduces 
problems associated with long wire runs subcutaneously placed in the patient. 
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[0044] An example of an operating sequence illustrates the flexibility of the system to 
cope with the needs of the patient. Electrodes 207 are enabled to sense activity at the 
targeted tissue of the patient. A signal received by an electrode is an analog signal. The 
analog signals are received by satellite module 20, amplified, converted by an analog to 
digital converter, and stored in memory. Conversion of the analog signals allov^s multiple 
signals to be received from several electrodes of electrodes 207 and processed at a later 
time. Digital conversion is beneficial for processing and the transmission of the 
information. Satellite modules 205 and 206 are capable of controlling and providing a 
therapy to the targeted tissue. The information received from electrodes 207 is analyzed in 
satellite module 205 and an appropriate therapy is implemented by satellite module 205. 

[0045] Another option is to send the information to central control module 200. The 
information is then sent to a programmer external to the patient by radio frequency 
transmission from central control module 200. The programmer also analyzes the 
information and develops a modification to the therapy based on substantially more 
treatment data available externally. The programmer transmits the modified therapy by 
radio frequency transmission to central control module 200. Central control module 200 
then sends the modification to the therapy to satellite module 205. The modification to the 
therapy is stored in memory and implemented by satellite module 205. Thus, local response 
can be made very rapidly by satellite modules 205 and 206 having the capability to detect, 
analyze, and implement therapies for the patient. Alternatively, the information can be 
transferred to central control module 200 or an extemal programmer for more analysis. 

[0046] FIG. 7 is an example of a programming word 300 in accordance with the present 

invention. In general, programming word 300 has a fixed number of bits that is selected to 

provide the information required. An example is provided to illustrate how programming 

word 300 carries information. Programming word 300 comprises four sections of bits 

dedicated for different functions in commxmicating information from central control module 

200 to satellite modules 205 and 206 of FIG. 6 (or vice versa). A section 301 contains the 

start bits Sn to So that identify the beginning of programming word 300. A section 302 of 

programming word 300 contains the satellite module address An to Ao that identifies which 

satellite module (205, 206) receives the information. For example if only satellite modules 

205 and 206 were coupled to central control module 200 a single module address bit would 

be required to distinguish between the two. A section 303 of programming word 300 

contains the electrode settings En to Eo on how each electrode is set. In an embodiment of 
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the system as shown in FIG. 6, each electrode has four possible states. Two bits are 
required to identify the state of each electrode. For example, an electrode is in a floating 
state when the corresponding bits of programming word 300 are in a GO state. The electrode 
is a cathode when the corresponding bits of programming word 300 are in a 01 state. The 
electrode is coupled to channel 1 when the corresponding bits of programming word 300 are 
in a 10 state. Finally, the electrode is coupled to channel 2 when the corresponding bits of 
programming word 300 are in a 1 1 state. Thus, if there are 20 electrodes coupled to each of 
satellite modules 205 and 206, forty bits would be required in section 303 with each 
electrode having two of the forty bits to identify its state. Finally, section 304 contains the 
cyclic redundancy code Cn to Co corresponding to the information being sent. The cyclic 
redundancy code is used to check if the programmable word was sent correctly. In general, 
a polynomial is applied to the block of data being sent which generates the cyclic 
redundancy code. The receiving entity similarly applies the polynomial to the block of data 
received and compares the generated code to the appended cyclic redundancy code sent on 
the block of data. The data is correct if the codes match. Conversely, non-matching codes 
indicates an error in transmission. 

[0047] A conversion process of programming word 300 is implemented to send 
information on wire 201. Programming word 300 is converted by central control module 
200 into groups of pulses that can be identified by satellite modules 205 and 206. In an 
embodiment of the system, programming word 300 is read X bits at a time. The X bits are 
converted to a corresponding decimal number. A number of pulses equal to the 
corresponding decimal number is output by central control module 200 followed by a 
predetermined delay. The next X bits of programming word 300 are then read and 
converted to a number of pulses followed by the predetermined delay. This is repeated until 
all the bits are read. To illustrate this methodology assume that three bits are read and 1 is 
added to the three bits to determine the number of pulses read out. An example of a 
programming word is a sequence of bits 1111 1000101001 1 1 10001. Breaking this sequence 
ofbits into groups of three yields 111, 110,001,010,011, 110,001. Converting each of the 
these groups of three bits to decimal and adding one yields the following decimal sequence, 
8, 7, 2, 3, 4, 7, 2. Thus, central control module 200 would output a sequence of 8 pulses, 7 
pulses, 2 pulses, 3 pulses, 4 pulses, 7 pulses, and 2 pulses. In one embodiment, the pulse 
sequences would then be converted back to the programming word and the information 
contained therein utilized by the satellite module. This methodology is for illustrative 
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purposes and should be appreciated that a wide range of variations fall within this scheme 
such that sufficient pulses are provided to power the satellite modules. 

[0048] While at least one exemplary embodiment has been presented in the foregoing 
detailed description, it should be appreciated that a vast number of variations exist. For 
example, while the present invention has been described with reference to a spinal cord 
stimulation system and a deep brain stimulation system, it will be understood that the 
present invention finds utility in other sensing and/or stimulation and/or therapy delivery 
systems. In addition, while the present invention has been described using electrodes as the 
tissue mteraction elements, it will be understood that any variety of sensors, stimulators, 
therapy delivery devices and the like may be utilized. It should also be appreciated that the 
exemplary embodiment or exemplary embodiments are only examples, and are not intended 
to limit the scope, applicability, or configuration of the invention in any way. Rather, the 
foregomg detailed description will provide those skilled in the art with a convenient road 
map for implementing the exemplary embodiment or exemplary embodiments. It should be 
imderstood that various changes can be made in the function and arrangement of elements 
without departing from the scope of the invention as set forth in the appended claims and the 
legal equivalents thereof. 
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